Fire is well recognized as a key Earth system process, but its causes and influences vary greatly across spatial and temporal scales. The controls of fire are often portrayed as a set of superimposed triangles, with processes ranging from oxygen to weather to climate, combustion to fuel to vegetation, and local to landscape to regional drivers over broadening spatial and lengthening temporal scale. Most ecological studies and fire management plans consider the effects of fire-weather and fuels on local to sub-regional scales and time frames of years to decades. Fire reconstructions developed from high-resolution tree-ring records and lake-sediment data that span centuries to millennia offer unique insights about fire's role that cannot otherwise be obtained. Such records help disclose the historical range of variability in fire activity over the duration of a vegetation type; the role of large-scale changes of climate, such as seasonal changes in summer insolation; the consequences of major reorganizations in vegetation; and the influence of prehistoric human activity in different ecological settings. This paleoecological perspective suggests that fire-regime definitions, which focus on the characteristic frequency, size and intensity of fire and particular fuel types, should be reconceptualized to better include the controls of fire regimes over the duration of a particular biome. We suggest that approaches currently used to analyze fire regimes across multiple spatial scales should be employed to examine fire occurrence across multiple temporal scales. Such cross-scale patterns would better reveal the full variability of particular fire regimes and their controls, and provide relevant information for the types of fire regimes likely to occur in the future with projected climate and land-use change.
INTRODUCTION
Fire is widely recognized as a critical component of the Earth system, with influences on carbon and energy balances, climate change, and ecosystem dynamics over multiple temporal and spatial scales (Bowman et al. 2009; Flannigan et al. 2009) . Understanding the present role of fire from local to regional to global scales requires placing current biomass burning into a temporal framework that considers the long-term influence of different natural and human drivers. Historical information on fires comes from satellite observations of the last two decades, documentary records that extend back centuries, tree-ring data that span centuries to millennia, and long-term sediment and geologic records that cover several millennia. Recent advances in firehistory research offer new approaches for reconstructing past fire occurrence over multiple temporal and spatial scales , Swetnam and Anderson 2008 . The insights provided by these approaches suggest the need to re-examine fire's role as an ecosystem process and motivate this review. Disturbance regimes are described by their type, frequency, predictability, extent, magnitude, synergism with other disturbances, and seasonality (White and Pickett 1985 , Agee 1993 , Baker 2009 ). A fire regime describes the characteristics of fire and its role in a particular ecosystem. A suite of climate, fuel, and landscape variables is required for fire to occur and spread, although their relative importance changes across scales. Fire triangles are a common starting point for conceptualizing the interaction of these variables, and the elements of the triangles are nested and together define a range of conditions, from those that start fires at the local scale to those that consider fire as an Earth system process at the global scale (Fig. 1) . Describing the drivers of fire at the smallest scales, the fire-fundamentals triangle links oxygen, heat, and fuel at hourly-to-annual time scales, and the fire-event triangle links weather, fuels, and topography as factors that influence ignition probability, rate-of-fire spread, and fire intensity at seasonal-to-annual time scales (Rothermel 1972 , Pyne 1996 . On decadal-tomillennial time scales, the fire-regime triangle includes variables that determine the characteristic pattern, frequency, and intensity of fire at landscape and larger spatial scales. The fire-regime triangle defines the linkages between vegetation, which is a determinant of broad-scale fuel characteristics, climate conditions that support fire weather, and ignition sources, be they human or natural (Moritz et al. 2005, Parisien and ). The super-fire regime triangle that represents the largest and longest controls will be discussed later.
Each triangle is complex and supported by targeted research on specific interactions, but fire science until recently has largely focused on aspects of the small and intermediate fire triangles that address immediate risk concerns. In general, fires occur in the middle range of many of these variables, i.e., in places where fuels are sufficient, dry weather is conducive for combustion and fire spread, and ignitions are frequent. At environmental extremes are dry areas where sparse discontinuous plant cover prohibits fire spread, and wet settings where fuel is abundant but often too moist to burn and natural ignitions are scarce, so that natural fires are rare. The wildcard is human activities. Our conceptualization of fire triangles places the greatest human influence in shaping the fire-regime triangle, yet human effects are present at all scales (Dantonio and Vitousek 1992) .
Management objectives focused on ecosystem sustainability require information from the fire-regime triangle, and these human-vegetation-climate linkages have gained wider attention in the face of projected future climate change.
Although many definitions of fire regime implicitly consider time, historical data have rarely been used to define fire regimes. We argue that fire-regime definitions are flawed without explicit consideration of a time domain that includes many fires and identifies the long-term characteristic climate and fuel drivers.
The two primary records of long-term fire history come from tree rings (fire scars and stand ages) and charcoal time series from lake and bog sediment cores, and recent advancements in analyzing and interpreting such data makes their results accessible to other disciplines, including ecology (Conedera et al. 2009 ). For most parts of the world, sitespecific records are available to infer local fire history; in many regions, networks of records are available to examine fire activity at broader scales. In this review, we describe the elements of the fire-regime triangle gained from a paleoecological perspective. In particular, we examine (1) climate influences of different duration and intensity as a top-down driver of fire activity; (2) fuel, vegetation, and biomes as bottom-up determinants of fire regimes; and (3) the role that c li m a t e m e a n a n d v a r ia b il it y SUPER-FIRE REGIME Spatial Scale Temporal Scale FIRE EVENT FIRE REGIME lo n g -t e r m c li m a t e v a r ia t io n s biome persistence r e g io n / s u b c o n t in e n t c o n t r o ls Centuries humans play in modifying fire regimes and facilitating ecosystem transformation. Finally, we suggest a new conceptualization of fire regimes to help integrate our understanding across multiple temporal scales. Our examples are drawn largely from our own experience working in temperate and boreal ecosystems, although we believe that our conclusions are broadly applicable.
FIRE-WEATHER AND FIRE-CLIMATE LINKAGES
Weather and climate influence fire behavior and fire regimes over scales from minutes to millennia, and the processes on one scale strongly influence the outcomes at another. In a given fire season, for example, weather conditions, including precipitation, humidity, air temperature, lightning, and wind, determine fire behavior through their influence on fuel moisture, ignition rates, and fire spread (Weber and Flannigan 1997, Rothermel 1972) . In many regions, the timing of ignition, increasing evaporative demand, and decreasing soil moisture levels are closely related over a two-to-three month period , Hostetler et al. 2003 . These weather conditions are embedded in large-scale climate anomalies, which develop over the course of months to years and influence the annual area burned (e.g., Skinner et al. 1999 , Kitzberger and Veblen 2003 , Littell et al. 2009 ). Years of high area burned are related to the persistence of large atmospheric circulation features and their ultimate influence on ignitions and fuel moisture. Climate dynamics establish these anomalies and determine their persistence and frequency over decades and centuries. Although measurements of fire outcomes vary on different temporal scales, fire-history data ultimately reflect individual fire years and the role of weather and climate conditions in ignitions, fuel moisture, and fire spread. In middle and low latitudes, the strength of subtropical highpressure systems, moisture fluxes related to monsoonal circulation, and the specific location of convectional storms govern the severity of the fire season (Duffy et al. 2005 , Gedalof et al. 2005 , Skinner et al. 1999 . During the 1997-1998 El Niño, for example, fires were widespread in southern South America, as a result of the development of a stronger upper-level ridge to the southwest of the southern tip of South America and a trough over northern Argentina (Whitlock et al. 2007) . The longitudinal patterns of 500 mb wind speeds showed weaker-than-normal winds over the continent and stronger-than-normal winds to the south of the continent, i.e., a southward shift in the band of fastest westerlies. Vertical subsidence over southern South America resulted in lower-than-normal precipitation in the areas experiencing fire.
The frequency and character of these fire-conducive climate conditions are geographic and temporal constraints on fire activity, both through directly controlling fire weather and indirectly affecting the quality and quantity of fuels. As the time scale of consideration lengthens, the climate conditions that lead to frequent low-severity fires as opposed to infrequent high-severity fires start to become evident. For example, on decadal-to-multidecadal time scales, fireclimate in some North American regions is related to the changing importance of modes of climate variability, including the El Niño Southern Oscillation (ENSO), Pacific Decadal Oscillation (PDO), and the Atlantic Monthly Oscillation (AMO). A compilation of wildfires based on 30,000 fire-scars from 238 tree-ring chronologies in the western U.S. suggests that large-scale fire patterns are tied to continental patterns of drought and interannual and decadal climate variability (Kitzberger et al. 2007) . ENSO variability partially explains differences in fire history between the Pacific Northwest and the American Southwest, but within these regions, synchrony in fire occurrence seems related to particular phases of ENSO, PDO, and AMO. Prolonged and severe droughts have been associated with positive phases of ENSO and/or PDO in the Pacific Northwest, and their persistence has led to large-fire years as well as decades and centuries of high area burned (Littell et al. 2009 , Fauria and Johnson 2008 , Heyerdahl et al. 2008 , Schoennagel et al. 2007 , Gedalof et al. 2005 . The opposite is observed in the American Southwest, where cold La Niña events are associated with drought and fire.
High fire activity has also been associated with warm, effectively dry decades during the Medieval Climate Anomaly (~900-1300 AD) and the Roman Warm Period (~200 BC-600 AD) in several parts of western North America (Pierce et al. 2004; Swetnam 1993 , Cook et al. 2004 . Fewer fires occurred during the Little Ice Age (~1600-1850 AD). Such changes in fire activity driven by multi-decadal climate variability have altered patterns of tree mortality and recruitment, forest community dynamics, and disturbance synergisms (e.g., Bigler et al. 2007 , Sherriff and Veblen 2007 , Brown 2006 ).
Climate drivers operating on centennial-to-millennial time scales shape the broad characteristics of climate and vegetation that support most fire regimes. An important control on millennial time scales is the long-term variations in the seasonal and annual cycle of insolation, because it influences the persistence and strength of the storm tracks, subtropical high-pressure systems, ocean-land temperature gradients, and ENSO variability, which in turn govern fuel composition (i.e., vegetation) and fire-climate on shorter time scales. For example, higher-than-present summer insolation in the early Holocene (12,000 to 6000 cal yr BP) supported long-term changes in vegetation and fire activity in the summer-dry Pacific Northwest, directly through its influence on higher-than-present summer temperatures and decreased effective moisture, and indirectly by enhancing atmospheric circulation systems that suppress summer precipitation Whitlock et al. 2008; Anderson et al. 2008 ) and promote xerophytic fire-adapted vegetation (Long et al. 1998 ). An increase in fire frequency occurred even in locations where the vegetation was held constant by infertile soil conditions (Millspaugh et al. 2000 , Fig. 2) . At the same time, summerwet regions experienced wetter conditions and fewer-thanpresent fires as a result of intensified onshore flow of moisture and more summer convection (Millspaugh et al. 2004; Brunelle et al. 2005 ).
Long-term climate-fire linkages are evident on other continents as well. For example, higher-than-present annual insolation in the early Holocene may have been an important driver for the higher fire activity in southern South America (lat. 35-50S) that occurred then (Whitlock et al. 2007 , Huber et al. 2004 . Higher annual insolation is hypothesized to have weakened the westerlies at mid-latitudes resulting in drier winters, earlier spring onset, and summer drought (Whitlock et al. 2007) . At 6000 cal yr BP, the fire patterns became more regionalized with high fire activity at low and high latitudes, and fewer fires at mid-latitudes. By 3000 cal yr BP, fire regimes were spatially heterogeneous, reflecting vegetation differences, the strengthening of ENSO variability, and/or more anthropogenic burning. In eastern Canada, higher fire activity in the middle Holocene is attributed to insolation-driven drought. It was followed by lower fire activity in the late Holocene as summer insolation decreased (Carcaillet et al. 2002) . In Australia and New Guinea, fire activity increased in the last 7000 years with the onset or strengthening of ENSO variability (Haberle et al. 2001) .
Improved understanding of climate-fire linkages at regional and continental scales has motivated the development of the Global Palaeofire Database, housed at the University of Bristol (U.K.) (Fig. 3) . This database of >600 charcoal records from lakes, wetlands, and soil has been used to examine global fire patterns over the last 21,000 years , the role of fire in North America at the end of the last glaciation (Marlon et al. 2009) , and the changes in fire regimes over the last 2000 years . Expansion of the global dataset, inclusion of fire as an interactive component of Earth Systems models (e.g., Thonicke et al. 2005) , and rigorous data-model comparisons are underway or planned.
In summary, modern, historical, and paleoecological data suggest that fire-climate linkages are evident in individual records as well as regional and global compilations. Fireclimate is a response to the sum of climate variations occurring over multiple time scales ranging from seasons to millennia. On short time scales, anomalies in atmospheric circulation patterns prior to and during a fire season create conditions conducive for burning. These anomalies are often embedded in large-scale teleconnection patterns manifest on interannual and interdecadal time scales, which determine the probability of fire events and fire-event synchrony. On longer time scale, climate variations create, maintain, and change fire regimes through slowly varying atmosphereocean interactions and surface-energy feedbacks that shape regional fire-climate conditions and vegetation patterns. (2) . Example of a high-resolution charcoal record and pollen data from Cygnet Lake, Yellowstone National Park (Millspaugh et al. 2000) . Total charcoal influx (number of particles/cm 2 /yr) is developed by determining the charcoal concentration of large particles (>125 um diameter) in continuous centimeter intervals of the core and multiplying concentration by the sedimentation rate determined from a radiocarbon-based age model. Background trends show an increase at 11,000 cal yr BP, when the pollen data indicate a shift from tundra to forest. Positive deviations in charcoal above a prescribed threshold identify fire episodes (one or more fires during the time span of the sample), and these are used to calculate fire frequency. Notice that high fire frequency from 11,000 to 7000 cal yr BP, apparently driven by warm dry conditions, occurred even in the absence of vegetation changes at this site. Knowledge of fire-climate drivers on all time scales is necessary to better understand the temporal and spatial dimensions of current and future fire regimes (Flannigan et al. 2009 , Trouet et al. 2006 .
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FIRE-FUELS AND FIRE-VEGETATION LINKAGES
Although fire and vegetation linkages are at least partially determined by weather and climate, the role of burnable biomass alone is important enough to warrant separate discussion. In general, fire characteristics are dictated by fuel composition, distribution, and moisture at short time scales and small spatial scales, and fire regimes are shaped by vegetation and climate on long time scales and large spatial scales (Fig. 1) . Not surprisingly, statistical modeling of global fire patterns suggests that the distribution of fire is related to net primary productivity, because of the importance of burnable biomass. At regional and local scales, however, this simple relation becomes complicated by seasonal mismatches between ignition and fuel availability, even in high biomass regions ). For example, Pacific Northwest forests have ample biomass, but fuels are too moist during most fire seasons to burn. Only in exceptionally dry summers are large severe fires possible, e.g., in 2002 when the Biscuit Fire burned ~2000 km 2 in Oregon and California. In contrast, fireclimate conditions are suitable in most deserts and sparse shrublands, but discontinuous fuel cover has limited fire, at least prior to the spread of exotic flammable plant species.
At local-to-regional scales, the arrangement of fuel biomass strongly determines the frequency, size, and intensity of fire events by influencing fire spread and intensity. Strong environmental gradients give rise to heterogeneous fuel conditions, which in turn create complex fire patterns and fire histories over space and time (Heyerdahl et al. 2008 , Veblen et al. 2000 , Iniguez et al. 2008 , Beaty and Taylor, 2008 . For example, the complex mosaic of forests in northern California is ascribed to the elevational and substrate differences, environmental gradients, and topographic barriers that shape fire size and severity, as well as to the lasting legacy of previous fires on fuel conditions Skinner, 2003; 1998) . Throughout the Holocene, fire regimes in this region have been dynamic. From 11,000-4000 cal yr BP, patchy discontinuous forests on infertile substrates experienced high fire frequency, but from 4000-500 cal yr BP, these same areas maintained low fire frequencies as cooling led to the loss of the shrub understory component. Concurrently, areas underlain by more-fertile soils experienced an increase in fire frequency in the late Holocene as forests became more closed , Briles 2008 ). Both vegetation changes were driven by cooler wetter conditions in the late Holocene, but the nature of the change and its impact on fuels determined whether the shift resulted in more or less burning than before.
In south-central British Columbia, Gavin et al. (2006) showed that adjacent sites in the same climatic setting experienced different levels of fire activity during middleHolocene aridity. Frequent fires led to fuel differences that influenced the probability of subsequent fires. Only as the climate became wetter in the late Holocene did climatic controls override site-specific fuel differences as a driver of fire regimes. Similarly, in the northern Great Plains, Clark et al. (2002) described fuel-climate linkages in grassland fire regimes during two periods in the Holocene. During the middle Holocene (ca. 8000 cal yr BP), a pronounced drought cycle of 100-to 130-years was detected, with dry phases associated with low grass production, high erosion, and few fires and wet phases associated with high grass production and increased fire activity. In the late Holocene (ca. 2800 cal yr BP), fluctuations in grass abundance and fire activity were less pronounced as a result of a cooler, less variable climate. These studies underscore the fact that fire-fuel linkages on short-time scales cannot be understood without knowing the long-term relationship between vegetation and climate.
Fire history in Alaska also provides examples of how centennial-to millennial-scale vegetation shifts can amplify or dampen the direct influence of climate change on fire regimes. In northern Alaska, the development of birch shrub tundra (Betula glandulosa and/or B. nana), ca. 13,000-14,000 cal yr BP, was associated with a distinct increase in fire frequency, from virtually no fire in the herb-dominated tundra prior to birch expansion to fires occurring on average every 140 years after birch expansion ). Although temperatures increased over this period, increased burning with the addition of birch implicates the new fuel source as a key element in facilitating fires. During the Holocene, changes in vegetation altered the fire regime in a direction that was opposite from what climate alone would have promoted. With the expansion of deciduous trees at ca. 10,000 cal yr BP, fire frequencies decreased despite increased summer warmth and drier conditions than at present ). During the late Holocene, after ca. 5500 cal yr BP, fire frequencies increased with the expansion of black spruce (Picea mariana), marking the development of the modern boreal forest (Lynch et al. 2003 ). At millennial time scales, the development of boreal forest was associated with cooler wetter conditions than before, which would have limited fire occurrence. The addition of the black spruce, a highly flammable species, appears to have been sufficient to increase fire frequencies to modern levels ).
Networks of charcoal and pollen data disclose the role of regional, continental and global changes in biomass over millennia. Marlon et al. (2006) compared the ratio of arboreal to nonarboreal pollen (AP/NAP), an indicator of woody biomass, with charcoal influx, an indicator of fire activity, at fifteen sites in the northwestern U.S. As forest cover increased in the last 12,000 years, so too did the overall levels of burning, implying a direct relationship between fuels and fire activity (Fig. 4) . Charcoal levels increased to about 2000 cal yr BP and then decreased, either as a result of climate cooling or increased anthropogenic burning in recent millennia. In a second study, Marlon et al. (2009) examined AP/NAP and charcoal influx in 35 lakesediment records from North America to detect evidence of changes in fire activity during the Younger Dryas cooling event (12,900-11,700 cal yr BP). Prior to Younger Dryas event, charcoal influx increased as conditions warmed and fuel biomass increased. At most sites, charcoal influx remained unchanged or dropped during Younger Dryas event and abruptly increased at the end of it. Increasing biomass at the late-glacial/early Holocene transition is thought to be a key driver of this last increase in fire activity. At the global scale, similar relations between fuel biomass and fire have been noted over the last 21,000 years . For example, cool conditions during the last ice age resulted in sparse vegetation (low AP/NAP) and few fires (higher charcoal influx), whereas warmer conditions in the Holocene led to increased biomass and more fires.
Fuel and vegetation constraints on fire activity are not independent of climate, but rather serve as a set of bottom-up controls. At short time and small spatial scales, the abundance, structure, and moisture levels of fuels directly influence fire spread, size, and intensity. Over longer temporal and larger spatial scales, the complex interaction between climate and vegetation influences fuel distribution and flammability that, in turn, shape long-term trends in biomass burning. Given the distinct linkages between vegetation and fire regimes, both across the modern landscapes ) and through time, the concept of a fire regime may be best defined by the full range of variability in fire activity within a given vegetation type, over the period of its existence. Such a long-term perspective (the super-fire regime of Fig.  1 ) inherently incorporates variability from shorter-term fluctuations in climate and fuels (i.e., the smaller fire triangles), and arguably provides the best description of the type of fire patterns that a single biome can (or cannot) Fig. (4) . Late-glacial and Holocene trends in biomass burning based on the smoothed mean of standardized records of charcoal influx (black line) and changes in available fuel biomass based on arboreal pollen percentages (AP, gray dashed line) (after Marlon et al., 2006) . The data come from 15 northwestern U.S. records. The number of records that make up the mean at any given time is plotted below the mean trends. Note that the increase in charcoal influx tracks the rise in forest cover and available fuels, indicated by rising AP. maintain. It expands our understanding of the modern geography of fire to include conditions that are different than present and possibly even novel (e.g., Williams et al. 2007 ). This expanded perspective, in turn, becomes valuable when contemplating changing fire regimes under future climate scenarios.
HUMAN-FIRE LINKAGES
Humans have influenced fire regimes for thousands of years through their impacts on ignition rates, fuels, and land cover (Bowman 2009 , Archibald et al. 2009 , Nevle and Bird 2008 , Storm and Shebitz 2006 , Ferretti et al. 2005 , Bond et al. 2005 , Ruddiman 2003 , Pyne 2001 , Denevan, 1992 ). These changes, in turn, have had dramatic impacts on ecosystem structure, including large-scale shifts in the dominant successional pathways and the amount of woody biomass present on the landscape. Paleoecological research suggests that the influence of humans on prehistoric fires in many regions was primarily localized, governed by population density, human settlement, and land use. At small spatial scales, humans have altered fire activity by igniting fires when and where they were naturally rare, by extending the fire season, and by suppressing or eliminating fires.
The influence of anthropogenic burning depends on the natural controls of fire activity summarized in the fire-behavior triangle (Fig. 1) . The influence is greatest in biomes where natural ignitions are infrequent, where fuel modifications effectively increase flammability of vegetation, and where climatic variations provide weather conducive for ignition. For example, rainforests experience few fires because of high fuel moisture levels and limited lightning ignitions, whereas desert biomes have limited fire activity because of sparse and discontinuous fuels. Thus, climate acts to suppress fire in fuel-rich rainforest biomes, and fuel availability limits fires in xeric scrub and desert biomes. At both of these extremes, human actions probably have had little impact on natural fire regimes and vegetation at regional scales (Fig. 5) .
Where climate and fuel conditions are less extreme, humans may have enhanced fire-weather and fuel flammability in ways that overcome natural limitations to burning and cause wholesale switches in biome types (Fig.  5a) . Hence, dry forests with adequate fuels and seasonal climates and grasslands with continuous fine fuel cover are more sensitive to human influences because humans can focusing ignitions and fuel manipulations during times when fire-weather is most acute. Likewise, fire suppression in grasslands has led to the expansion of woodlands, and fire suppression in dry forests has shifted fire regimes from small, frequent, low-severity fires to large less-frequent, severe fires. Grazing also reduces the amount and continuity of fine fuels which, depending on its intensity and setting, can increase fuel biomass or reduce it, thereby facilitating a shift to scrubland or desert conditions. Examples of prehistoric human impacts in three different settingsstrongly climate-limited fire regimes, strongly fuel-limited fire regimes, and fire regimes where fuels and climate interact-help illustrate these relationships and suggest that human impacts on natural fire regimes are strongest where high population densities and cultivation coincide.
Tropical, subtropical and temperate rainforests are examples of climate-limited fire regimes, where fires are infrequent as a result of wet fuels and few ignitions or where a mismatch occurs between the timing of ignitions and low fuel moisture (Cordeiro et al. 2008 , Bush and Silman 2007 , Bush et al. 2007 , Deneven 2003 , Meggers 2003 , Mayle et al. 2000 , Bush et al. 2000 . The probability of biome switching as a result of human-set fires is low in such settings, because wet conditions and low fuel flammability generally override the influence of human ignitions and fuel manipulations. Nonetheless, repeated burning opens the forest, dries fuels, and enhances the impact of subsequent fires (Cochrane and Barber 2009 , Thompson et al. 2007 , Cochrane 2003 , Cochrane et al. 1999 , Uhl and Kauffmann 1990 . The conversion of forest to grassland via shifting cultivation practices in subtropical forests today suggests that biome switching in the past would have been feasible where human populations were sufficiently large or concentrated (Styger et al. 2007 , Lawrence 2004 , Nepstad et al. 2001 . Research suggests that the impact of prehistoric fires in wet rainforests was mostly localized to areas of dense human settlements associated with terra preta (soils indicating human occupation), terra mulata (soils indicating cultivation), and introduced agricultural crops (Cordeiro et al. 2008 , Bush and Silman 2007 , Bush et al. 2007 , Heckenberger et al. 2007 . Widespread biomass burning and alteration of vegetation at large scales have been described along the Amazon River and its tributaries where terra preta and terra mulata soils are abundant (Heckenberger et al. 2007 ). In fact, it has been suggested that past periods of burning in these areas may have influenced atmospheric concentrations of carbon dioxide and methane at global scales (Nevle and Bird 2008, Ferrati et al. 2005) .
Aside from major riverways, however, the impact of anthropogenic burning on tropical/subtropical forests appears to have been limited, probably because human ignitions and efforts to dry fuels through fuel preparation or repeated burning were overcome by strong climatic controls (Bush and Silman 2007) . In the Peruvian Amazon Basin, Bush et al. (2007) compared fire and vegetation histories from four lakes. Using introduced agricultural pollen taxa as a surrogate for human presence, they found that fire activity increased locally when large levels of nonnative pollen types and archeological data indicated human presence and settlement. Few changes in fire activity occurred at sites more distal to human settlement (>15 km). They concluded that, in rainforest ecosystems, evidence for settlement was associated with increased fire activity yet the impacts were constrained spatially by climate and fuel conditions. Although fires are less climate-limited in temperate forests, research there also suggests that climate has been the primary driver of fire and vegetation change throughout the Holocene, except where human settlement influenced fire and vegetation locally. In forests of the northeastern U.S., Clark and Royall (1995, 1996) found that prehistoric humanset fires rarely impacted fire regimes and vegetation at regional scales. A network of charcoal records across a gradient of land-use intensity revealed that variations in fire Fig. (5) . Anthropogenic influences along a gradient of climate-limited to fuel-limited fire regimes. a. in low-and mid-latitudes where a gradient from forest to desert exists. (Solid line represents levels of fire activity associated with different biomes. Dashed line indicates the degree to which these biomes are sensitive to biome switching as a result of human impacts on fire regimes (e.g., ignitions, fuel management, fire suppression, land use)); b. on South Island New Zealand, following the arrival of people, ca. 700 cal yr BP; c. in Australia, ca 45,000-50,000 cal yr BP, with arrival of people; and d. in California mediterranean scrubland pre-and post-Euroamerican settlement. See text for discussion.
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Fuel limited Climate limited c h a p a r r a l Indigenous-set fires Californian mediterranean shrublands (Keeley and Fotheringham 2003) Fire suppression Many grassland/savanna landscapes would likely persist without human-set fires due to climatic constraints while others would transition to woodland/forest. Hence the sensitivity to anthropogenic activity may vary greatly. c h a p a r r a l / g r a s s l a n d m o s a i c The preponderance of examples documenting major shifts in vegetation and permanent biome switching from human-set fires comes from island environments. In these settings, ignitions and suitable fire-weather are often limiting, and human actions can override climate by focusing ignitions to periods of fire-conducive weather. Research examining the long-term fire and vegetation history of islands in the Pacific Basin (e.g., Rapa Nui, New Zealand, Mangaia) show that human arrival was followed by an increase in fire activity, deforestation, land clearance and cultivation of plant crops (Kirch and Kahn 2007 , Anderson 2002 , McGlone and Wilmshurst 1999 , Kirch 1996 . In South Island, New Zealand, human arrival 700 years ago was accompanied by an initial period of burning and deforestation even in places where there was no evidence of cultivation (McWethy et al. 2009 , Hamel 2001 . The abrupt loss of New Zealand's forest occurred in the seeming absence of climate change and resulted in extensive erosion, loss of nutrients, and changes in lake chemistry (McWethy et al. 2009, unpublished data (Fig. 5b) . New Zealand offers one of the best examples of human activity overcoming strong climate constraints on fire activity through deliberate and repeated burning (Ogden et al. 1998 ).
Africa and Australia provide examples of human impacts in climate-limited fire regimes from continental settings and human-set fires resulting in major shifts in vegetation. Western Uganda underwent widespread deforestation ca. 1000-1100 AD, coinciding with human immigration, settlement, and cultivation (Lejju et al. 2005 , Ssemmanda et al. 2005 , Taylor et al. 1999 . Paleoecological records suggest that increased fires led to landscape-scale deforestation and cultivation of introduced food crops and cattle grazing permanently altered vegetation and natural fire regimes. In south-central Australia, Miller et al. (2005) examined carbon isotopes of emu eggshells to infer changes in diets over the past 140,000 years. They suggest that the timing and frequency of human-set fires may have led to a switch in biomes from savanna to chenopod/desert scrub (Fig. 5c) . Supporting evidence comes from eastern (Turney & Hobbs 2006) , southeastern (Tibby et al. 2006) , and northeastern Australia (Kershaw et al. 2007 , Haberle & David 2004 , Turney et al. 2001 , where sediment records show large increases in charcoal coinciding with intensification of human activity and increased climatic variability. Bird et al. (2008) note that present-day Aboriginal use of fire in western Australia promotes floral and faunal diversity at smaller scales than would occur naturally under a fire regime controlled by lightning. Importantly, they found that the impact of recent fires was mostly localized around residential camps and proposed that prehistoric fires would have led to similar patterns of burning. This observation challenges the hypothesis that Aboriginal fires resulted in anthropogenic landscapes at large spatial scales. Elsewhere in Australia and Africa, the interaction between human and climate controls of fire and vegetation is more complicated yet climate is assigned the primary role in shaping Holocene fire regimes at large spatial and temporal scales in many studies (Gillson and Ekblom 2009, Black et al. 2007 ).
Examples of human impacts in fuel-limited fire regimes come from desert and shrubland as well as chaparral, where spatial variability in fuels often leads to a mixed fire regime ranging from frequent low-intensity to infrequent highintensity fires. In the deserts and shrublands of the American Southwest, fuel-limited fire regimes are paced by ENSO variability, which alternates the development of fine fuels in warm (wet) El Niño years and fuel desiccation and fireconducive weather in subsequent cold (dry) La Niña years (Swetnam and Betancourt 1998) . Fire regimes in such settings have been strongly altered by the loss of fine fuels from livestock grazing and active fire suppression, and these synergistic disturbances have led to vegetation conversion to desert and shrubland (Keeley and Fotheringham 2003) . Paleoecological data from the region suggest that anthropogenic influences on fires and vegetation were primarily localized although the consequences were great where human settlement was concentrated (Allen 2002) . Chaparral regions in southern California have steep environmental gradients, and as a result, area burned in any decade is highly variable (1-50%, Keeley and Fotheringham 2003) . Closed-canopy chaparral is almost impenetrable and would have offered few resources to Native Americans who have lived in the region for at least 10,000 years. Burning chaparral would have enhanced habitat for game animals, facilitated seed bulb and fruit production, increased water resources, reduced hazards, and improved travelways. Areas of high prehistoric population density show higher fire frequency at present than would be expected under natural conditions (Keeley 2004 ). Heightened burning would have altered vegetation from a landscape dominated by chaparral to a mosaic of chaparral/grasslands (Fig. 5d) .
Grasslands and savanna biomes represent settings where fuels and climate interact to create fire regimes, because fuels are naturally ample and climate conditions are conducive to frequent fires. The evolution of grasslands is attributed to Late Cenozoic climate conditions that promoted fires in some areas (Retallack 2001) and to human use of fire in others (Archibald et al. 2009) . Biome model simulations that eliminate fire show that many grassland and savanna environments would be forested in the absence of fire (Bond et al. 2005) . The implication from these studies is a highly variable role for anthropogenic fires in grasslands and savanna. In fuel-limited systems with frequent natural ignitions, anthropogenic fires may have made little difference to the natural fire regime, whereas in wetter moreproductive grassland and savanna systems, deliberate burning may have prevented natural succession to forests. In Africa, the idea that humans played an important role in the evolution of grasslands is popular (Burchard 1998 ), yet pollen records show the existence of grasslands before human presence in some areas (Archibald et al. 2009 , Scott 2002 , and shifts between grassland and forest are closely tied to past climatic changes (Gillson and Ekblom 2009, Ekblom 2008) . There is little evidence to suggest that human-set fires resulted in extensive biome switching in African savannas, although it is difficult to separate the relative influence of human activities and climate in biomes where fires are naturally frequent. Guyette et al. (2002) suggest that population densities strongly regulate fire regimes and their impact on vegetation, and compare changes in fire activity during four stages of settlement history in the south-central U.S.: (1) 1650-1850 AD, an ignition-dependent stage associated with low population densities where increased population led to increased fires; (2) 1850-1890 AD, a fuel-limited stage where human-set fires and land-use reduced the availability fuels, constraining fires; (3) 1890-1940 AD, a fuelfragmentation stage where land-use patterns affected the continuity of fuels, reducing fires; and (4) a culturedependent stage associated with mid-and late-20 th century fire suppression. During most of the Holocene, human population densities were well below those of any stage described by Guyette et al. (2002) , and prehistoric fire effects were highly localized. As population densities increased, wholesale conversion of vegetation through fires and land clearance occurred at large scales. This period was often followed by reduced avail-ability and fragmentation of fuels and, eventually, fire suppression.
Climate and land-use interactions on fire regimes are also evident at a global scale . A comparison of late-Holocene charcoal records from around the world shows that fire activity was generally declining as a result of climatic cooling in the last 4000 years. Burning levels increased globally in the 18 th century and reached maximum levels by 1870 AD. This increase is attributed to human use of fire in forest clearance. After 1870 AD, fire activity decreased in all regions except the northern high latitudes, and the decline is explained by fuel limitations related to grazing and landscape fragmentation, as well as fire elimination. This last period is best described by Guyette et al. (2002) 's stages 3 and 4 of human influence on fires.
In summary, the potential for human activity to change fire regimes depends on the strength of the natural controls on fire, namely, climate and fuel. Humans most readily influence fire regimes by increasing the synchrony between ignitions, fire-weather and fuel conditions in time and space. In biomes where climate or fuel are not limiting, the lack of coincidence in ignitions, fuel flammability and fire-weather results in a small number of fires that are limited in size and ecologically insignificant. In such settings, humans have the greatest potential to influence fire regimes by focusing ignitions during weather conducive to fire, burning repeatedly, and increasing the flammability of fuels through fuel treatments. Focused and deliberate human-set fires during prehistoric times may have resulted in irreversible switches in biomes; however, in most settings the effects seem to have been localized. Presently, large human populations are facilitating widespread alteration of fire regimes and vegetation, even in settings where climatic limitations on fire are strong. In the Amazon Basin, Indonesia and Madagascar, repeated burning of rainforests is causing lasting conversion of forest biomes to grasslands (Cochrane and Barber 2009 , Styger et al. 2007 , Lawrence 2004 . Just as climate and fuel drivers can change quickly relative to the time scale of a fire regime, so too can human drivers. Incorporating anthropogenic influences thus becomes a strong motivation for modifying most definitions of a "fire regime".
TEMPORAL SCALING OF FIRE REGIMES
The importance of spatial scale in the definition of fire regimes has long been recognized from a methodological perspective (Baker 1989a , Agee 1993 , Morgan et al. 2001 and in research focused on landscape equilibrium theory (Sprugel 1976 , Turner et al. 1993 , reserve design (Baker 1989a) , and climatic change (Clark 1989 , Sprugel 1991 , Whitlock et al. 2003 . Early work on disturbances considered their spatial and temporal patterns and how these affected vegetation dynamics and ecosystem properties (e.g., Heinselman 1973 ). Subsequently, it was recognized that forest disturbances create a steady state in some regions, e.g., waves of dead Abies tree in subalpine forests of New York State (Sprugel 1976) , whereas elsewhere, large and/or infrequent disturbances preclude the possibility of steadystate conditions, e.g., in crown-fire-dominated forest ecosystems (Romme 1982 , Baker 1989b , Turner and Romme 1994 ). The conceptual model that explains landscape dynamics of disturbances (Turner et al. 1993b ) explicitly includes both space and time, but the temporal dimension is only considered relative to the impacts of disturbances on vegetation (i.e., recovery time), rather than the drivers of disturbance regimes themselves.
Characterizing disturbance regimes and their controls in a manner that explicitly integrates information from many spatial scales is an area of active research (e.g., Niemi et al. 2000; Falk et al. 2007) . By quantifying how fire frequencies change at increasingly large spatial scales, the event-area relationship reflects mechanisms that are non-stationary in space, such as landscape connectivity. If fire sizes are large and the landscape is homogenous, then fire frequencies will change little as greater areas are considered; in contrast, if fires are small and burn in heterogeneous patches, then fire frequencies will vary greatly at different spatial scales. The parameters of the event-area relationship thus vary between different landscapes and provide a multi-scale metric with mechanistic interpretations linked to the climate and fuel drivers of a fire regime. This type of cross-spatial scale analysis of fire regimes has both theoretical value and practical application. For example, by explicitly quantifying the degree to which fire frequencies are scale dependent, researchers and managers do not have to apply a single mean fire return interval (FRI; years between fires) to describe or manage a landscape but instead can consider fire activity simultaneously at multiple scales. Additionally, the crossscale metric provides a tool for detecting changes in fire regimes, either in the past or future that could otherwise be obscured when focusing on a single spatial scale (Falk et al. 2007 ).
In comparison, cross-temporal scale analysis has received little attention. Tree-ring and lake-sediment records provide one of the only means for addressing a number of key questions: (1) What temporal scales define a fire regime? (2) At what temporal scales have fire regimes changed in the past, and how do these compare with the temporal variability of fire drivers (e.g., climate, vegetation change)? (3) Are there biomes where the concept of a fire regime is not useful, given variability in fire controls, and if so, how can we modify the concept of a fire regime to retain its theoretical and applied value?
In many ecosystems, fire-regime characteristics only emerge after many decades or centuries, even when large spatial areas are taken into account. For example, in a subalpine or boreal forest, where a stand may burn every one to several centuries (Johnson 1992 , Agee 1993 , Baker 2009 ), observational records are far too short to define the sitespecific characteristic timing, size, or severity of fires. In contrast, a similar area in a grassland or shrubland ecosystem may burn multiple times in a decade, and observations may provide an adequate sample size to estimate mean FRI and other statistical properties. Because the statistical properties of fire behavior and fire effects in most forests cannot be accurately estimated without long time series, fire-history reconstructions based on tree-ring and sediment-charcoal records become essential.
At any given site, as the length of a fire-history record increases, fire events are accumulated at a rate dependent upon the average rate of burning (i.e., the b parameter of a Weibull model, which is directly related to the mean FRI; Grissino-Mayer 1999), and random variability, if the controls of a fire regime are unchanging (Fig. 6) . Estimates of the mean and variance of FRIs become increasingly accurate and precise as a record lengthens. The metric t stable defines the shortest time span where the standard deviation associated with the mean FRI varies less than 5% when one additional fire is sampled (Fig. 6a) . Although increasing the temporal length beyond t stable would increase the precision of the estimated mean FRI, t stable defines an acceptable level of precision for the mean FRI. Conceptually, a specific t stable exists for any metric of a fire regime we might consider. Intuitively, t stable increases as the rate of burning in a system decreases, such that it requires 5-8 times as many years as the mean FRI to reach t stable (Fig. 6b) . Patterns at time scales shorter than t stable primarily reflect random variability (Lertzman et al. 1998) , and estimating the mean FRI with a record shorter than t stable leads to an overestimate of fire frequency (Finney 1995) .
The relationship between the mean FRI and t stable has two important implications that link to similar scaling issues in landscape ecology. Methodologically, it is impossible to accurately quantify a fire regime with one dataset significantly shorter than t stable . An estimated mean FRI might be accurate, but it will not be precise, i.e., the estimate may be close to the true mean FRI but associated with large confidence intervals. Consequently, it is difficult to identify one fire regime as distinct from another (whether in space or time) when the mean FRI is long, relative to the length of the dataset. This issue can be overcome by sampling larger areas, in the same way that space-for-time substitutions are utilized in shorter-term fire-history studies (e.g., atlas or treering-based fire-history studies: Romme 1982 , Morgan et al. 2001 , Kasischke et al. 2002 . Traditionally, a unique advantage of paleoecology has been to free ecologists from the assumption of spatial homogeneity that is implicit in space-for-time substitutions (e.g., Fastie 1995) . In the context of fire regimes, recent paleoecological work has utilized both time-for-space and space-for-time analogies to provide more precise fire-history records in systems with long fire-return intervals. For example, Gavin et al. (2006) pooled FRI estimates from two records within 10 km of each other to reconstruct the late-Holocene fire history in subalpine forests of British Columbia. Higuera et al. (2009) pooled FRIs from three sites from boreal forests in northern Alaska. In each case, pooling multiple millennia of firehistory data across space (i.e., space-for-time analogy) was critical for quantifying fire regimes and detecting changes in relation to climate and vegetation change.
Conceptually and practically, if fire occurrence is sensitive to climate and vegetation changes that vary significantly on time scales shorter than t stable , then a fire regime may never have the "opportunity" to develop. This would be particularly true in systems that are characterized by large infrequent fires (e.g., "stable, very high variance" systems, sensu Turner et al. 1993b ). In such a scenario, the landscape pattern observed or reconstructed does not describe a current fire regime, but rather represents an artifact of a partiallydeveloped fire regime from the past (Sprugel 1991) . For example, if it takes 1000 years for a fire regime with a 200-yr mean FRI to develop (Fig. 6b) , then climate changes lasting 400 years (e.g., the Medieval Climatic Anomaly, 900-1300 AD) may not be detectable or ecologically meaningful in an ecosystem, even though the climate change truly altered the probability of fire. If climate continually shifts on time scales shorter than t stable , then a given fire regime may never fully develop, and the concept of a stable fire regime is not applicable. Because these scenarios also include a spatial component, addressing questions of this nature requires a combination of paleoecological and landscape-ecology approaches to overcome the high variability inherent in many fire regimes. Even then, however, it may be impossible to separate a signal of change from the noise of variability, particularly over short time scales.
Paleofire records not only help define fire regimes by providing the necessary data to estimate a mean FRI (and other statistics), but they are poised to uniquely highlight the mechanisms and time scales over which fire regimes exist and change. In so doing, long-term fire-history data should add significantly to our understanding of the hierarchical nature of the fire triangles. For example, it is conventional to summarize millennial-scale fire history in terms of fireepisode frequency, defined at one or several time scales (e.g., 500-, 1000-, or 2000-yr; Long et al. 1998 . These summaries highlight variability over time, but they can obscure patterns at longer and shorter time scales. Similar to analyzing fire regimes across multiple spatial scales (Falk et al. 2007 ), analyzing fire regimes across multiple temporal scales reveals cross-scale patterns that will ultimately improve our understanding of fire regimes and their controls.
The interactive influences of climate and vegetation on Holocene fire regimes change over multiple temporal scales, and this is evident when considering the scale of changing fire frequencies. For example, in Alaska, the increase in fire frequency at ca. 5000 cal yr BP, associated with the increase Fig. (6) . Accuracy and precision of estimated mean fire return interval (FRI) from simulated fire-history records. a. Mean FRI as a function temporal depth of samples (gray dots), based on 1000 simulations from a fire regime defined by a mean FRI of 90 yr (red horizontal line) and Weibull b and c parameters of 100 yr and 1.5 (unitless). The average, 2.5 th and 97.5 th percentiles of the mean FRI at each point on the x-axis are represented by the thick and think black lines. The temporal depth (yr) at which the standard deviation of FRIs changes by less than 5% when one sample is added to the series, t stable , from each of the 1000 simulations is identified in the box plot (10 th , 25 th , 50 th , 75 th , 90 th percentiles, and outliers). The median t stable from these simulations is 500 years, indicating the most common time span required to obtain an accurate (i.e., close to the red line) and precise (narrow confidence intervals) estimate of the mean FRI. b. t stable values as a function of the mean FRI from for eight different Weibull b parameters and five different Weibull c parameters (for a total of 45, 1000-yr simulations). t stable scales directly with the mean FRI (when plotted on log-log axes).
in black spruce, was followed by multi-centennial and shorter time scale changes in fire frequency at 2300, 1000 and 400 cal yr BP (Fig. 7) . Following increased fire frequency ca. 5000 cal yr BP, fire frequency decreased between ca. 2300 and 1200 cal yr BP, a pattern that dominates at time scales of ca 750-3500 yr and suggests a mechanism in addition to vegetation change. Oxygen isotope records from the region suggest a 2000-yr period of moister climatic conditions from 2800-800 cal yr BP (Clegg and Hu, in press ) and increased summer moisture may have decreased the probability of ignition and fire spread. Taken together, the fire-frequency variations exhibit (1) prominent changes at multi-millennial time scales, coincident with a large-scale shift in vegetation around 5000 cal yr BP (Fig.  7a-b) ; and (2) changes at millennial and multi-centennial time scales that are likely a response to changes in fire- Fig. (7) . Mean and raw fire return intervals (FRI) inferred from sediment-charcoal data from Code Lake, Alaska ) and summarized at different temporal scales. a. Raw FRI values (gray boxes) and the 2000-yr smoothed (thick black line) mean FRI, with 90% confidence intervals (CI; gray envelope); b. Same as a. but with a 4000-yr smoothed mean; c. Multi-scale fire frequency (fires 100 yr -1 ) from Code Lake, based on the same fire dates as illustrated in a. and b. Darker reds represent higher fire frequencies and lighter yellows represent lower fire frequencies, respectively, at the temporal scale identified on the y-axis. Light gray and black lines outline areas in x-y space where FRI distributions for periods y-yr before and after are significantly different at the alpha = 0.05 and 0.01 levels, based on an AndersonDarling test, i.e., these areas identify change points in the fire record. In this case, when summarized at 2000-4000 yr intervals, fire frequencies increased significantly around 5000 cal yr BP; when summarized at 1000-3000 yr time scales, fire frequencies decreased significantly around 2300 cal yr BP. Due to multiple comparisons and the a posteriori nature of this analysis, isolated areas of statistical "significance" are not considered meaningful.
climate on short time scales (Fig. 7c) . In combination with other sites in this region, shorter centennial-scale variability may become apparent as well. Thus, our understanding of a fire regime and its vegetation and climatic controls is tightly linked to the time scale of consideration. Controls at one time scale may not explain patterns at larger time scales, and likewise, patterns over short time scales (even when integrated across space) may not reveal the full suite of mechanisms controlling fire regimes.
THE FIRE REGIME CONCEPT REVISITED
This examination of fire on different time scales suggests the need to extend traditional time frames for understanding fire regimes. Current definitions that only consider fire activity over decades or centuries are too short to capture the full range of fire variability in many ecosystems. Inferring the fire-regime characteristics on an abbreviated time scale necessarily leads to incomplete or erroneous assumptions about the drivers of fire and the role of fire as an ecosystem process. It also obfuscates the long-term relationships between people and fire in particular ecosystems and the degree to which modern fire regimes are altered from their prehistoric condition. In some regions, fire-history data suggest that fire frequency has been steadily increasing over the past several millennia, whereas in other areas it has been decreasing as a result of long-term climate and vegetation change. Still, other regions show relatively stable fire frequencies over millennia but high stochastic variability at century time scales.
Fire management based on time-since-last-fire statistics overlook long-term patterns that comprise the fire regime. These statistics are at best imprecise and at worst inaccurate. What may be mistaken as a non-stationary response on a short time scales becomes explainable as part of the historic fire-climate or fire-vegetation linkages when viewed on longer time scales. For example, current fire-regime condition classes, which measure the departure of a fire regime from a reference condition, are based on the premise that fire suppression in western U.S. pine forests has moved fire regimes beyond the historical range of variability. Longer tree-ring records and charcoal data in such systems suggest that current fire regimes in some regions are different than 19 th century ones, but not beyond the capacity of those forest types (e.g., Sherriff and Veblen 2007; Anderson et al., 2008) .
To adequately capture the importance of long-term processes, we conceptualize a "super-fire regime" that describes the characteristic nature of fire within a biome, integrating all possible variations in climate, fuel properties, and human influences (so long as the biome continues to exist). The super-fire regime defines true "historical range of variability" and thus aids in anticipating future variability within a given biome. Most biomes form and persist over centuries to millennia, as a response to long-term climate changes. Definitions of fire regimes that based on too short a time span may misrepresent underlying fire-fuel linkages and create false impressions about current fire hazard. In boreal forests of Alaska, for example, fire statistics vary across a range of temporal scales over the last 5000 years, and the site-specific mean FRIs cover nearly all the variability we see across modern Alaskan boreal forest vegetation. Understanding the role of fire in shaping ecosystem dynamics and resilience requires information on the full temporal expression of fire. The critical time span is determined by the climatic and vegetation conditions that define t stable . In some ecosystems t stable is reached in decades, whereas in other ecosystems, it may require millennia. Because fire is a process operating on multiple time scales, paleoecological data can help separate the importance of fire-climate and vegetation changes occurring over time scales of centuries to millennia from the importance of fireweather, fuels, and stochasticity on shorter time scales.
Finally, the fire-regime concept should consider the role of people, both in the past and at present. Long time frames help indicate places where recent human activities have severely altered prehistoric fire regimes, as well as where prehistoric people had great impact. Human influence may be highly focused in some ecosystems and broadly felt in others. In "intermediate ecosystems" where neither fuel nor ignitions limit fire occurrence, humans as fire starters, fire suppressors, or fire eliminators can and have had serious consequences and led to irreversible biome transformation. Today, we must consider the role of humans in the fireregime triangle as climate changers, which is an added dimension. A more robust conception of fire regimes that considers temporal and spatial limits of human influences is thus an important step in targeting global fire "hot spots" in the future.
